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OFPCAL DATA TRANSRflllSSIlQN SYSTEM 

5 The invention relates to an optical data transmission system. It is particularly, but 
not exclusively, related to a system comprising a passive optical fibre network. 

In order to provide broadband telecommunications, optical transmission systems 
have been developed. Typically such systems transmit optical signals along 
10 optical fibre in the wavelength range of 1300 to 1600nm. In order to provide 
multiple access for a plurality of users, it has been proposed for optical 
transmission systems to use wavelength division multiple access (WD MA). 

An optical transmission system 110 is shown in Figure 1. The system 110 
15 comprises a central office (CO) or hub 112 connected to groups of user devices or 
optical network units (OMUs) 114. In this embodiment only one group 116 is 
shown although it will be understood that there would be a plurality of such groups. 
The hub 1 12 Is connected by a common optical fibre 11 18 do a wavelength division 
muOtiplexer (WDM) 120. The user devices 114 are connected separately to the 
20 WDM 120 by respective optical fibres 122. The WDM 120 is said to be at a kerb 
location. 



A downstream direction is defined from the hub 112 to the user devices 1 14 and 
an upstream direction is defined from the useir devices 114 tto tthe hub 112. Data 
25 traffic is transmftted both upstream and downstream to and from the user devices 
114. The data traffic is in the form of modulated light as will be explained in the 
following. 



Communication in the system occurs across a wavelength range, typically 1530 to 
30 1565 nm. Each user device is assigned a wavelength band, typically spaced by 
0.8 nm, with which to communicate. The hub 1 12 is equipped with individual laser 
sources producing light at different wavelengths suitable for different user devices. 
In the downstream direction, the hub 112 forms data traffic by modulating data 
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onto appropriate light wavelengths which are then (transmitted down the common 
optical fibre 118 to the WDM 120. The WDM 120 separates the data traffic 
according to wavelength and then directs it to particular user devices 114. 

5 For generation and transmission of data in the upstream direction, it is impractical 
to provide every user device 114 with a laser source operating within its assigned 
wavelength band. Therefor®, «wo arrangements have been proposed. In the first 
arrangement, spectral slicing is used, in which each user device 114 has a 
broadband light source, from which a specific optical wavelength band is sliced to 

10 form a wavelength channel whllch is then used in the system. Data (traffic is formed 
by modulating datta onto each wavelength channel either by switching the 
broadband light source on and off or by using an external modulator. In the second 
arrangement, a laser at the hub 112 transmits continuous wave (CW) loght at 
appropriate wavelengths for each of the user devices 114 to use as a wavelength 

15 channel. Modulators located at the user devices 114 form data traffic by 
modulating data onto this CW light and sending it to the WDM 120 by the 
respective optical fibres 122. Different wavelength channels from different user 
devices 1 14 are multiplexed together by the WDM 120 and transmitted together on 
the common optical fibre 118 to the hub 112. Such a system is disclosed in IEEE 

20 Photonics Technology Letters, November 1 994, volume 6, number 1 1 f pages 1 365 
to 1367. 

According to a first aspect of the invention Shore is provided a method of 
transmitting data in am optical data transmission system, the optical data 

25 transmission system comprising a hub, a kerb location, a converter, an optical 
router, and a plurality of ONUs, the method comprising the steps of: 
the ONUs transmitting respective data signal to the kerb location; and 
the optical router routing wavelength channels having predefined wavelength 
ranges assigned to respective ONUs for transmission to the hub, the 

30 converter converting the data signals into the wavelength channels. 

According to a second aspect of the invention there is provided an optical data 
transmission system, the optical) data (transmission system comprising a hub, a 
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kerb location, a converter, an optical router, and a plurality of ONUs, the ONUs 
being capable of transmitting respective data signals to the kerb location, the 
optical router being capable of routing wavelength channels having predefined 
wavelength ranges assigned to respective ONUs for transmission to the hub, and 
5 the converter being capable of converting the data signals into the wavelength 
channels. 



According to a third aspect off the Invention there is provided an optical router for 
an optical data transmission system, the optical data transmission system 

10 comprising a hub. a kerb location and a plurality of ONUs, the ONUs being 
capable of transmitting respective data signals to the kerb location, the optical 
roufler being capable of routing wavelength channels having predefined 
wavelength ranges assigned to respective ONUs for transmission to the hub, and 
the optical router comprising a converter to convert the data signals into the 

15 wavelength channels. 

According to a fourth aspect of the invention there Is provided a converter for an 
optical data transmission system, the optical data transmission system comprising 
a hub, a kerb location, an optical router, the converter, and a plurality of ONUs, the 
20 ONUs being capable of transmitting respective data signals to the kerb location, 
the converter being capable of converting the data signals into wavelength 
channels having predefined wavelength ranges assigned to respective ONUs, and 
the optical router being capable of routing the wavelength channels for 
transmission to the hub. 

25 

Preferably, the converter is at a kerb location. Preferably, the optical router is at a 
kerb fiocation. Preferably, the converter and the optical irouter comprise a 
combined conversion and routing unit. 

30 Preferably the optical router routes data in a downstream direction from the hub. 

Preferably, a hub-side of the optical router comprises at least one input for 
receiving the plurality of channels and at least one outpuf^for outputting the 
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plurality of channels. Preferably, the at least one [input and the at least on© output 
are combined as at least on© bi-cJirectionaD input/output. Alternatively, the at least 
one input and the at least one output are separate. 

5 Preferably, an ONU-side of the optical router comprises a plurality of inputs foir 
receiving the plurality of channels and a plurality of outputs for outputting the 
plurality of channels. There may b© one input and/or one output for each channel. 
The pluralities of inputs and outputs may be combined as a plurality of bi- 
directional inputs/outputs. 

10 

Preferably, the optical router is a WDM. it may be an arrayed waveguide grating 
(AWG). 

Preferably, the data signals for at least some of the plurality of ON Us are 
15 converted into the wavelength channels at a common location. Preferably, the 
data signals for all the ONUs are converted into the wavelength channels at the 
common location. Preferably, the common location is the kerb location. However, 
in one embodiment of the invention, conversion and routing occur at different 
locations at tihe kerb. 

20 

Preferably, the data signals are optical signals. * Preferably, the data signals are 
used as pump signals to generate the wavelength channels. Preferably, all of the 
data signals have a common wavelength or are within a specified wavelength 
range. Preferably, at least one of the data signals has a different wavelength to the 
25 wavelength channels, or is within a wavefength range which does nofr include the 
wavelength channels. 

The data signals may not have defined and controlled wavelengths in the same 
sense as the selected wavelength ranges used in a WDMA system. The 
30 wavelengths may be aitoitrary for different ONUs within a broad range thus 
allowing a degree of wavelength drift of any particular ONU. 
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Preferably, the wavelength channels are generated by a plurality of optically 
pumped sources. The optically pumped sources may generate light having 
different wavelengths in order to define the wavelength channels having 
predefined distinct wavelength ranges. However,] the wavelength) channels having 

5 predefined distinct wavelength ranges may be generated by pumping light having 
the common wavelength or being within the specified) wavelength range. The 
optically pumped sources may comprise a gain cavity, for exampOe a laser cavity, 
mirrors defining the cavity, and wavelength selective elements inside the cavifty. In 
on© embodiment of the invention, the optically pumped sources do not necessarily 

10 Include a filter needed for injection. 

In an embodiment in which all of the data signals have a common) wavelength or 
are within the specified wavelength range, this means that all of the ONUs may be 
Identical. As mentioned above, this does not require that the ONUs provide light 

15 having a common wavelength, but rather that ONUs only need similar components 
to provide undefined wavelengths within the specified wavelength range. The 
ONUs are similar in the sense that no wavelength selection of source components 
is needed. Accordingly, this simplifies the assembly of the system since rt is not 
necessary to provide certain ONUs to certain; users. In addition, the cost of 

20 providing a plurality of Identical ONUs is cheaper than the cost of providing 
different wavelength specific ONUs. 

Preferably muttimode fibre can be used between the ONUs and the kerb, between 
the kerb and the hub, or between both, to relieve connector quality requirements. 

25 

Preferably, the data signals carry data and are <tised to modulate the wavelength 
channels so that the data from a data signal is transferred (modulated) onto its 
cormesponding wavelength channel. 

30 In one embodiment the optically pumped sourer each comprise a laser cavity 
with a predefined lasing wavelength. \n this embodiment, the wavelength may be 
selected! by the cavitty. Alternatively, the wavelength may be selected by a WDM 
and/or a AWG. In both of these-Sftematives, there is no injection. In another 
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embodiment the optically pumped sources each comprise a laser cavity without a 
predefined lasing wavelength. In this embodiment, the injection wavelength may 
be selected by a WDM and/or a AWG. 

5 Preferably, the optically pumped sources are injection locked lasers. In another 
embodiment, the optically pumped sources are external cavity lasers. In this 
embodiment, the optical router may be within the laser cavity of afl least one 
optically pumped source. Preferably, the optical router is within the laser cavity of 
a plurality of optically pumped sources. 

10 

Preferably, the optically pumped sources receive? injectlom light and pumping light. 
Preferably, the pumping light Is at a wavelength different to flhe wavelength of light 
which Ss used to carry data traffic In upstream and downstream directions. In one 
embodiment, the wavelength of light wthich is used to carry data traffic in upstream 
15 and downstream directions have identical wavelengths and are identical to or 
substantially the same as the injection light. 

Preferably, the cavity lases at the closest longitudinal mode which corresponds to 
the wavelength of the inflexion Dight. If a wavelength division multiplexer or an 
20 arrayed waveguide grating is used to demultiplex the injection light for the optically 
pumped sources, the lasing wavelength is at the closest longitudinal mode which 
corresponds to the pass band for the corresponding ONU. 

It is to be understood that in one embodiment, an optical network unit is the 
25 location or functional unit or hardware (or any combination of these) at which 
conversion is made between data in optical and in electrical forms. In this way, it 
can represent the end of a passive optical network. Alternatively, the ONU may 
represent the transfer point to another optical network, for example an optical local 
area network (LAN). 

30 

Preferably, the optical data transmission system comprises a passive optical 
network in the sense that there is no conversion between optical and electrical 
data signals between the ON Us and the hub. 
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Thus, a system and apparatus according to the invention are provided which allow 
the wavelength selective components to be in a network, or in the case of a 
method according to the invention, wavelength selection occurs in a network. For 
example, wavelength conversion and multiplexing take place in a kerbside unit. 

5 

According to another aspect of the invention, there is provided an optical data 
transmission system, the optical date transmission system comprising a hub, a 
wavelength converter at a kerb location, and a plurality of ONUs, the ONUs being 
capable of transmitting respective data signals to the kerb location, the wavelength 
10 converter being capable of converting each data signal to a wavelength channeO 
having a specific wavelength, the wavelength channels being multiplexed together 
for transmission to hub. 

Preferably, the wavelength conversion ds carried out without any intermediate 
15 conversion to and/or from an electrical signal. Accordingly, In one embodiment, the 
data signals from ONUs are used as modulated optical pumping signals. 

According to yet another aspect of the invention there is provided a splitter having 
a first optical path for carrying light into and out of a gain medium and a second 
20 optical path for carrying light in a downstreatin direction by-passing the gain 
medium. 

Preferably the splitter has a third optical path for carrying pumping light into the 
optical cavity. Preferably the light carried into She gain medium along the first 
25 optical path is injection light. Preferably the Jighit carried out of the gain medium 
along the first optical path is laser light. Preferajbfy the light carried into the gain 
medium along the third optical path is pumping light. 

Preferably the gain medium is comprised by a laser cavity. 

30 

The invention will now be described by way of example only with reference to the 
accompanying drawings in which: 
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Figure 1 shows a WDMA system according to the prior art; 

Figure 2 shows a WDMA system according to the invention; 

Figure 3 shows another WDMA sysftem according to the Invention; 

Figure 4 shows an optically pumped source and f Iter according to the invention; 

Figure 5 shows operation of the optically pumped source and filler of Figure 4; 

Figure 6 shows yet another WDMA system according to the invention; 

Figure 7 shows a further WDMA system according to the invendion; 

Figure 8 shows a combined gain elements an<ji optical router according to the 

invention; I 

Figure 9 shows another optically pumped source according to the invention; and 
Figure 10 shows another combined gain elements and optical router according to 
the invention. 

Figure 2 shows a WDMA system 200. The syste m 200 comprises a central office 
(CO) or hub 202 connected to user devices or optical network units (ONUs) 204. 
The hub 202 is connected by an optical fibre link 206 to a kerbside unit 208. The 
optical fibre link is typically Gcitormetres, or tens J>f kilometres, long. The kerbside 
unit 208 comprises a wavelength division multiplexer (WDM) 210 and a plurality of 
optically pumped sources 212. Each optically pjmped source 212 is associated 
with a respective ONU 204. The ONUs 204 are connected separately to the 
kerbside unit 208 by respective optical fibres 2 4. The kerbside unit 208 is at a 
kerb location. 

In this embodiment only two ONUs 204 are shoj/n connected to the kerbside unit 
208 although it should be understood that there viould be a plurality of such ONUs, 
for example 16 to 32 units. Furthermore, there may also be a pOurality of kerbside 
units 208 connected to a single hub 202. 

In the following description, a downstream direction is defined from a hub to ONUs 
and an upstream direction is defined from the |DNUs to the hub. Data traffic is 
transmitted both upstream and downstream to anjd from the ONUs. The data traffic 
is in the form of modulated light as will be explained in the following. 



o 
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In common with aOI embodiments of the Shvention, in the system 200, 
communication occurs across a wavelength range, typically 1530 to 1565 nm. Of 
course, other wavelength ranges may be used instead. In this embodiment, each 
ONU is assigned a wavelength channel, typically 0.8 nm wide, with wlhich to 
5 communScate, that is to send data traffic upstreapn and to receive data traffic from 
the hub which has been sent downstream. Which! ONU receives which wavelength 
channel, and (from which ONU a particular [wavelength channel comes, is 
determined by the kerbside unit. 

i 

10 Although the upstream and downstream wavelength channels between the hub 
202 and the optically pumped sources 212 can be the same for each ONU they do 
not necessarily have to be. In an embodiment usjing separate optical paths (eother 
wholly or partially) for the upstream and downstream directions, the wavelength 
channels can be selected independently. However, it may be preferable to have 

15 the same wavelength channels so that they ark easier to route. If partially the 
same fibres and/or router is used, this may dictate that the wavelength channels 
be the same oir be different. 

Generation and transmission of downstream dita traffic will now be described. 

20 The hub 202 is equipped with individual la^er sources producing light at 
wavelengths within specified wavelength chann&ls which [have been assigned to 
different ONUs. The hub 202 forms data traffic fcjr a particular ONU by modulating 
data, to be sent to that ONU, onto light within [the ONU's specified wavelength 
channel which is generated by one of the la^er sources. The resultant data 

25 modulated light is then transmitted downstream ^long the optical fibre link 206 to 
the kerbside unit 208. The kerbside unit 208 refutes the light, and (thus (the data 
traffic, according to its wavelength, to the particular ONU. In other embodiments, 
any suitable alternative WDM method can be ilsed to generate the light in the 
specified wavelength channels at the hub. Fjor example, the hub may use 

30 broadband sources which are spectrally sliced. 



Generation and transmission of upstream data traffic will now be described. The 
optical pumped sources 212 of the kerbside unit 208 produces light at 
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wavelengths within the specified wavelength channels which have been assigned 
to different ONUs. Each ONU 204 has a puimp la£er producing pumping laser light 
(broadbamd or narrowband). Each ONU 204 fooms data traffic t^y modulating data, 
to be sent to the hub, onto light which is generate d by the pump laser. This can be 
done, for example, either by switching tlhe pump laser on and off oir by using an 
external modulator. The resultant data modulated) pumpoong light is then transmitted 
upstream along the optical fibres 214 to the keijbside unit 208. It os Important to 
note thaft in a preferred embodiment of the invention, the ONUs have the same 
specification: for example the wavelength defined within a given 50 mm range. The 
ONUs do not need to be identical, they only ne^d to be interchangeable. In this 
way, {the ONUs can be interchanged without requiring any oQher (modifications to 
the system and still permitting the system to operate. 



In the kertoside unit 208 data modulated pumpinjg light is supplied to each of the 
1 5 optically pumped sources 212. The optically pum 3©d sources 2112 have predefined 
wavelength channels, which correspond to those wavelengths of light suitably 
routed by the WDM 210. The data modulated pumping light is used by the optically 
pumnped sources to form data modulated transmission Ipght within the ONU's 
specified wavelength channel. The resultant datk modufated transmission light is 
20 then transmitted upstream to the WDM 210 which routes the light, and thus the 
data traffic, according to its wavelength. Once routed, the data modulated 
transmission Oight is then transmitted upstream ^long the optical (fibre Dink 206 to 
the hub 202. j 



25 Of course, the invention of not limited to this 
modulated transmission light, and other methods 



specific way of generating data 
and systems can be employed. 



30 



There are a number of other embodiments withinj the scope of the invention which 
will now be described. j 

i 

f 

Figure 3 shows an embodiment of a WDiw4 system 300 according to the 

i 

invention. The system 300 comprises a central Office (CO) or hub 302 connected 
to user devices or optical network units (ONUs) ^04. The hub 302 is connected by 
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an optical fibre link 306 to a kerbside unit 308. j The optical fibre link is typically 
kilometres, or tens of kilometres, long. The ^erbside unit 308 comprises a 
wavelength division multiplexer (WDM) 310 anei a plurality of optically pumped 
sources 312. In this embodiment, the optically pumped sources are lasers cavities 
(LCs). In an embodiment in which they are Fabry -Perot laser cavities, the injection 
light seOec&s the appropriate resonance peak. Each optically pumped source 312 
corresponds to a respective ONU 304. The ONUjj 304 aire connected separately to 
the kerbside unit 308 by respective optical fibres 
kerb location. 



In addition, the WD MA system 300 comprises an injection source 316. This is a 



broadband source producing a light within a 



314. The kerbside unit 308 is at a 



wavelength range including the 



wavelengths of all of the data modulated transmission light assigned to the 
different ONUs. The broadband light from the infection source 316 is split by the 
WDM 310 and injection light having appropriate wavelengths is supplied to the 
LCs. The injection source may be associated with the hub 302 or the kerbside unit 
308. It may be integral! with either of these elejments. Alternatively it may be a 
separate unit. It is preferred that the injection source is not in the kerb because in 
this way the kerb can be wholly passive and so nj>t require a supply of eDectricity. 

In this embodiment five ONUs 304 are shown connected to the kerbside unit 308 
although it should be understood that there would be a plurality of such ONUs, for 
example 16 to 32 units. Furthermore, there may also be a pDurality of kerbside 
units 308 connected to a single hub 302. 

The hub 302 is equipped with individual laser sources producing light at 
wavelengths within specified wavelength channels which have been assigned to 
different ONUs. The kerbside unit 308 is equippep with individual optically pumped 
sources which receive pumping light coming frorry ONUs at wavelength© within the 
specified wavelength channels which have been assigned to different ONUs. Each 
ONU 304 has a pump laser producing punrping laser light (broadband or 
narrowband). The hub 302 and the kerbside unit 308 form upstream and 
downstream data traffic in a way which corres ponds to Figure 2. (Although it 
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should be noted that Figure 2 simply uses a cavity which lases at predefined 
wavelengllh whereas Figure 3 uses Injection to select the lasing wavelength). 
Again , it is to be noted that in a preferred embodiment of the invention, the ONUs 
are similar although they only have to b© similar to the extent that they provide 
5 data modulated pumping light at similar wavelengths or within a specified range. 

It should be noted that in this embodiment, tthe W;DM 310 performs the functions of 
demultiplexing the injection light in the downstream direction and multiplexing the 
data modulated transmission light in the upstream direction. 

10 

Figure 4 shows a unit 400 comprising a kerbspde filter 402 and a laser cavity 
(optically pumped source) 404. The kerbside filter 402 is not a separate element 
for eaclh unfit 400 but is that part of or the WDM 310 which is used by the laser 
cavity 404 to receive optical injection from the hub 302. It can be seen that the 
15 filtering provided by the WDM (referred to as the kerbside filter) is external to the 
laser cavity. 

Figure 5 explains the operation of the unit 400 pf Figure 4. The laser cavity 404 
receives continuous wave (CW) injection light ai a wavelength 7* whodh has been 

20 filtered by the WDM 310. The laser cavity also receives data modulated puimping 
light from the ONU. The CW injection loght aff a wavelength X* has a bandwidth 
wider than the mode difference at the laser (the wavelength X, of CW injection light 
should coincide with one of the longitudinal modes of the laser cavity). The laser 
cavity 402 os injected by the CW injection light ett a wavelength h and is pumped 

25 by the data modulated pumping light so that it oscillates to produce data 
modulated Oight at a wavelength X| which is transmitted upstream. 

Figure 6 shows an embodiment of a WD MA system 600 according to the 
invention. The system 600 comprises a central office (CO) or hub 602 connected 
30 to user devices or optical network units (ONUs) 604. The hub 602 Is connected by 
optical fibre links 606 and 607 to a kerbside unit 608. The optical fibre links 606 
and 607 are typically kilometres, or tens of kilometres, long. The kerbside unit 608 
comprises an upstream wavelength division multiplexer (WDM) 610, a 
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downstream WDM 609, and a plurality of laser cavities (LCs). Each laser cavity 
612 corresponds to a respective ONU 604. The ONUs 604 ana connected 
separately to the keorbside unit 608 by respective optical fibres 614. The kerbside 
unit 608 is at a kerb location. In anotther embodiment, a splitter can be used 
5 instead of the WDM 609. 

». 
i 

In addition, the WDMA system 600 comprises a f preamplifier and injection source 
616. The preamplifier and injection source 61$ acts as a broadband injection 
source producing a wavelength range including the wavelengths of all of the data 

10 modulated transmission light assigned to the different ONUs. The broadband light 
from the injection source 616 is split by the upstream WDM 610 and injection light 
having appropriate wavelengths is supplied to! the LCs. The preamplifier and 
injection source 616 may be associated with the hub 602 or the keolbside unit 608. 
It may be integral with either of these elements. Alternatively it may be a separate 

15 unit 

In this embodiment one ONU 604 is shown connected to the kerbside unit 608 
although it should be understood that there would be a plurality of such ONUs, for 
example 16 to 32 units. Furthermore, there wot|ld also be a plurality of kerbside 
20 units 608 connected to a single hub 602. 

The hub 602 is equipped with individual lajser sources producing fight at 
wavelengths within specified wavelength channells which have been assigned to 
different ONUs. The LCs 612 of the kerbside unit 608 produce data modulated 
25 transmission Jight at wavelengths within the specified wavelength channels which 
have been assigned to different ONUs. Each ONU 604 has a pump laser 
producing pumping laser light (broadband or : narrowband). The formation of 
upstream and downstream data traffic in the system 600 will now be described in 
detail. 

30 

Each laser cavity (LC) 612 is associated with an upstream/downstream WDM 613. 
The upstream/downstream WDM 61 3 is configured to provide downstream routing 
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to the ONU by-passing the LC and upstream routing of data modulated pumping 
light from the ONU via the LC. 

On another embodiment, rather than the hub 60|2 being equipped with individual 
5 laser sources producing light at wavelengths within specified wavelength 
channels, there is a single laser source produbing light which te divided by a 
splitter to provide light to all WDMs 61 3. 

Generation and transmission of downstream d^ta traffic will now be described. 

110 The hub 602 is equipped with individual lafeer sources producing light at 
wavelengths within specified wavelength chann^Ds which have been assigned to 
different ONUs. Th© hub 602 forms data traffic fcfr a particular ONU by modulating 
data, to be sentt to that ONU, onto light wlthfn [the ONU's specified wavelength 
channel which is generated by one of th© laser sources. The resultant data 

15 modulated fight is then transmitted downstream klong the optical fibre link 607 to 
the kerbside unit 608. There, the data modulbted light is demultiplexed in a 
downstream WDM 609 and sent to each LC along a fibre 611. At each LC, the 
downstream data modulated light is routed by jthe upstream/downstream WDM 
613 to the ONU 604 along the optical fibre 614. ; 

20 j 

The kerbside unit 608 routes the I5ght r and thus the data traffic, to a particular ONU 
according to its wavelength. In other embodiments, any suitable alternative WDM 

i 

method can be used to generate the light in the (specified wavelength channels at 
the hub. For example, fthe hub may use broadband sources which are spectrally 
25 sliced. 

Generation and transmission of upstream data traffic will now be described. The 
LCs 612 of the kerbside unit 608 produce light at wavelengths within the specified 
wavelength channels whoch have been assigned to different ONUs. Each ONU 
30 604 has a pump laser producing pumping laser light (broadband or narrowband). 
Each ONU 604 forms data traffic by modulating data, to be sent to the hub, onto 
light which is generated by the pump laser. This lean be done, for example, either 
by switching the pump laser on and off or by using an external) modulator. The 
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15 

resultant data modulated pumping light is then* transmitted upstream along the 
optical fibres 614 to the kerbside unit 608. lit is important to note that In a preferred 
embodiment of the invention, the ONUs are similar to the extent thai they provide 
data modulated pumping light at similar wavelengths or within a specified range. 
5 \ 

The kerbsode unit 608 supplies data modulated jumping Dight to each of the LCs 

612 via the upstreann/down stream WDM 613. the upstream/downstream WDM 

613 also routes the injection light from the injeclion source 616 (which has [been 
split by She upstream WDM 610) to the LC 61$. The LC 612 is injected by the 

10 injection light and is pumped by the data modulated pumping light so that it 
oscillates to produce data modulated transmission light. The data modulated) 
transmission light! emitted by the LC 612 is roujed by the upstream/downstream 
WDM 613 to the upstream WDM 610. J 

15 Accordingly, using tthe upstream/downstream WDM 613 enables a singDe bi- 
directional fibre (optical fibre 6114) to be used (between the ONU 604 and the 
keiibside unit 60S, in the embodiment! shown jn Figure 6, the data modulated 
downstream signal is at 1550nm, the infectibh light is at 1550nm, the data 
modulated pumping light is at 1300mm, and the data modulated transmission light 

20 is at 1550nm. By using a 1300/1550 WDM as the upstream/downstream WDM 
613, transmission of the 1550nm light in the upstream and downstream directions 
is permitted and (transmission of the 1300nm light is restricted to being between 

i 

the ONU 614 and the LC 612. In this embodiment, referring in the WDM 613 
shown fn Figure 8. light having a wavelength of 1550 nm uses cross (diagonal) 
25 routes and fight having a wavelength of 1300 nrti uses a bar (vertical) route. This 
means that in the upstearn direction, light havingj a wavelength of 1300 nm travels 
from the ONUs to the LCs and light having a waf/elength of 1550 nm travels (from 
the LCs to the WDM 61 0. In the downstream direction light having a wavelength of 
1 550 nm (travels from the WDM 609 to the ONU. 

30 

Of course, this aspect of the invention is not restricted to operation at 1300nm and 
1 550nm but may be applied to arbitrary wavelengths xnm and ynm so long as the 
upstream/downstream WDM permits transmission of the xnm light in the upstream 

i 
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i 

and downstream directions and restricts transmission of the ynim light to being 
between th© ONU and the optically pumped source. This is considered to be an 
independent aspect of the invention. ; 

5 In another aspect of the invention, each LC is optically injected from upstream by 
using broadband light such as amplified spontaneous emission (ASE) noise (from 
the preamplifier 616. The injecting light split Sat the kerbside by the upstream 
WDM 610 into separate wavelengths of injectting| light which are provided to each 
LC. The injecting Hghtt locks the laser cavHjy to oscillate at this injecting 

10 wavelength. The upstream WDM 610 also multiplexes the upstream traffic. The 

*i 

kerbside LCs and th® upstream WDM 610 are thiis wavelength synchronised. This 

i 

is considered to be an Independent aspect of the (invention). 

*» 

Although in this embodiment the upstream WDft/j610, the downstream WDM 609, 
15 and the upstream/downstream WDM 613 are fehown separately, they may be 
integrated together as a single unit. In one embodiment, the WDMs are based on 
fused couplers. i 

i 

i 

TThus, in the embodiment of Figure 6, in She upstteam and downstream directions, 
20 data traffic passes through separate routes between the optically pumped source 
and the hub. This principle can be applied to ; any of the embodiments of the 
invention. 

Figure 7 shows an embodiment of a WDM^ system 700 according to th® 
25 invention. Th© system 700 comprises a central ^'fflce (CO) or hub 702 connected 
to user devices or optical network units (ONUs) ^04. The hub 702 is connected by 
an optical fibre link 706 to a kerbside unit 70S. The kerbside unit 708 comprises a 
wavelength division multiplexer (WDM) 710 and a plurality of optically pumped 
gain elements 712. Each optically pumped gain element 712 corresponds to a 
30 respective ONU 704. The ONUs 704 are connected separately to the kerbside unit 
708 by respective optical fibres 714. 
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The system 700 is similar to the system 200 and j/vorks in a similar way. Therefore, 
in general!, the operation of the system 700 will hot be described. However, there 
is a difference between the system 200 and the |ystem 700 in the arrangement of 
the kerbside unit 708, in particular the use of [the WDM 710 and the optically 
pumped gain elements 712. This difference is pest described with reference to 
Figures 8, 9, and 10. | 



optical router arrangement 800 
may be used as the kerbside unit 
300 comprises a WDM 810 and a 
2. Each optically pumped gain 
(not shown) which is connected 



Figure 8 sDiows a combined gain elements anc 
according to the invention. The arrangement 800 
708 in the system of Figure 7. The arrangement 
plurality of optically pumped gain elements 8 
element 812 corresponds to a respective ONU 
separately to the arrangement by a respective optical fibre (also not shown). The 
ONUs each have a pump laser producing putiping laser light (broadband or 
narrowband). All of the ONUs produce pumping laser light (data modulated 
pumping light) having a similar wavelength or witiin a specified wavelength range. 
The WDM 810 and the optically pumped gain ele mentis 812 are contained within a 
laser cavity 820. The arrangement 800 is at a ker 3 location. 

I 

In the arrangement 800, no injection source is used. Instead, wavelength selection 
is from narrowband reflectors forming an external-cavity laser. 



imant 



Although not shown in Figure 8. the arrangement 800 comprises a plurality of 

optically pumped sources 900 as shown in Figure 9. Each opticaOly pumped 

source 900 comprises a filter 902 and a gain elei nent 904 contained within a laser 

cavity 906. The filter 902 is not a separate element for each optically pumped 

source 900 but is that part of the WDM 810 which Is used to multiplex a particular 

wavelength signal (from the optically pumped sc umce 900 to the common optical 

fibre and then to a hub, such as the hub 702. It can be seen that the filtering 

provided by the filter 902 is contained within the I aser cavity 906, 

t 
i 

Thus, each optically pumped source 900 is pumped by the data modulated 
pumping light so that it emits fight modulated j/vith this data at the wavelength 
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defined by the filter contained in the external 
modulated transmission light is transmitted in the 



laser cavity. The (resultant data 
upstream direction. 

Figure 8 only shows generation and transmissior in the upstream direction of data 
modulated transmission light Of course, downstream transmission also occurs but 
such downstream data traffic by-passes the arrangement 800 and is not shown for 
the sake of clarity. It is preferred that the syste(n 700 handles downstream data 
traffic in a way corresponding to that used for tlheisystem 600. 

f 

10 Again, it is to be noted that in a preferred embodiment of the invention, since the 
ONUs produce pumping laser light having a slmljar wavelength, they are similar to 
the extent that they provide data modulated punjiping light at similar wavelengths 

or within a specified range. j 

i 

i 

15 Figure 10 shows a combined gain elements anc$ optical router arrangement 1000 
according to the invention. It is an alternative toithe arrangement 800 of Figure 8 
and uses the upstream/downstream WDM concept from the system 600 and the 
laser cavity concept from the arrangement 800. ^% addition, the airrangement 1000 
also uses an arrayed waveguide grating (AW(jp) for multiplexing/demultiplexing 

20 between a number of ONUs rather than a WDR4 The arrangement 1000 will now 
be described. \ 

\ 

The arrangment 1000 comprises an AWG 101^. a plurality of optically pumped 

i 

gain elements 1012, and a plurality of upsYeam/downstream WDMs 1014. 

25 Respective ones of the optically pumped [gain elements 1012 and the 
upstream/downstream WDMs 1014 are associated with each other. Each optically 
pumped gain element 1012 and associated upstream/downstream WDM 1014 
corresponds to a respective ONU (not shown) ^vhich is connected separately to 
the arrangement 1000 by a respective optical jfibxre 1015. The AWG 1010 the 

30 optically pumped gain elements 1012, and the upstream/downstream WDMs 1014 
are contained within a laser cavity 1020 defined Jby mirrors at one end of the gain 
elements 1012 and a (mirror at the hub-side of tthef AWG. 



o 
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In the arrangement 1000 r no injection souirc& is used. Instead, wavelength 
selection is from narrowband reflectors fomninjg an external-cavity laser. The 
arrangement 1000 also uses data modulated pulping light from the ONUs which 
are located downstream. i 
5 ( 

In a way which corresponds to that of Figures J8 and 9, the arrangement 1000 
comprises a plurality of optically pumped sources 1017 each defined by a filter, 
one of the upstream/downstream WDMs 1014, a|id one of the gain elements 1012 
contained wiithin the Oaser cavity 1020. The filter ii not a separate element for each 

10 optically pumped source 1017 but is that part of! the AWG 1010 which is used to 
multiplex a particular wavelength signal from the (optically pumped source 1017 to 
the common upstream optical fiber. It can be seep that the filtering provided by the 
filter is contained within the laser cavity 1020. Thj© optically pumped sources 1017 
produce data modulated transmission light at Wavelengths within the specified 

15 wavelength channels which have been assigned fo different ONUs. 

i 

t 

Generation and transmission of downstream data traffic will now be described. 
The arrangementt 1000 routes light at wavelengths within specified wavelength 
channels which have (been assigned to different (pNUs, This light is generated and 

20 modulated in any of the ways described in thef foregoing with reference to the 
other embodiments of the invention. Data (modulated light is transmitted 
downstream to, and demultiplexed by, the Awja 1010 and sent to an optically 
p Lumped source 1017. At the optically pumped source 1017 F the downstream data 
modulated light is routed by the upstream/downstream WDM 1014 to the 

25 respective ONU. j 

.• 

Generation and transmission of upstream data fraffic will now be described. The 
optical pumped sources produce light at wavelengths within the specified 
wavelength channels which have been assignejd to different ONUs. The ONUs 
30 each have a pump laser producing pumpfng laser light (broadband or 
narrowband). Each ONU forms data traffic by modulating data, to be sent 
upstream, onto IBght which is generated by the pump laser. This can be done, for 
example, either by switching the pump laser on and off or by using an external 
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modulator. The resultant data modulated pulping light is then transmitted 
upstream to 8he arrangement 1000. It is impohsunt to note that in a preferred 
embodiment of the invention, the ONUs are similar to the extent that they provide 

data modulated pumping light at substantially identical wavelengths. 

i 

5 1 

The data modulated pumping light is supplied jto each of the optically pumped 
sources 1017. In each optically pumped source 1017, the data modulated 
pumping light 5s routed by the upstreamri/dowr stream WDM 1014 to ihe gain 
element 1012. Thus, each optically pumped soijrce 1017 is pumped by the data 
10 modulated pumping light so that it oscillates at the wavelength defined by the 
external cavity to produce data modulated tran^mossion light at this wavelength. 
The resultant data modulated transmission light is routed by the 
upstream/downstream WDM 1014 in the upstreai|n direction to the AWG 1010. 



15 The upstream/downstream WDM 1014 is configured to provide downstream 
routing to the ONU by-passing the gain etemejrt 1012 and upstream routing of 
emission from She gaon element 1012 modulated |by data of the pumping light from 
the ONU. Accordingly, using the upstream/downstream WDM 1014 enables a 
single bo-directionall fibre to be used between thejoNU and the arrangement 1000. 

20 In the embodiment shown in Figure 10, the dataj'modulated downstream signal rs 
at 1550nm, the data modulated pumping ligljit is at 1300nm, and the data 
modulated transmission light is at 1550nm. 



Although in this embodiment the AWG 1010 and ihe upstream/downstream WDMs 

i 

25 1 014 are shown separately, they may be integrated together as a single unit. 

i 

If She arrangement 1000 is used as the kerbsfde [unit 708 in the system of Figure 7 
modification is necessary. Rather than routing iupstream and downstream data 
traffic through separate WDMs, both are rout^dl through the AWG. Thus, the 
30 arrangement 1000 is relatively compact. 

In the case of the embodiments described in relation to Figures 7 r 8, 9, and 10, the 
laser cavity inclludes a wavelength dependent filter which determines the 



o 
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osciJIating wavelength of the cavity. Furthermore 
AWG) is used as a filter In a laser cavity for each 
By placing another reflector, which is common ty\ 
of the WDM (or the AWG), the WDM (or the AW^) 
signals from different users into one fibre in the 
WDM (or the AWG) determines the oscililating 
automatic frequency (wavelength) synchronization 
cavities and the WDM (or the AWG). 



It should be noted that in the embodiment 
the WDM performs the functions of 
downstream direction and multiplexing the data 
upstream direction. 



described 



, a single WDM multiplexer (or 
of (the optically pumped sources, 
r all the laser cavities, upstream 
simultaneously multiplexes the 
upstream direction. Because the 
frequency of each laser cavotiy, 
occurs between the laser 



in relation llo Figures 3 and 6, 
demultiplexing the injection light in the 
modulated transmission light in the 



In external cavity lasers, wavelength selection ft nctions externally with respect to 
the semiconductor structure. (Although, rough wavelength selection is, of course, 
also provided by wavelength dependence of guin, but as the gain spectrum ds 
quite broadband (terns of nanometers), the actua selection of lasing wavelength is 
ruled by the cavity feedback, if this has a more marrow spectral width.) The cavity 



20 itself first limits the possibility of lasering into 



spectral spacing of which is inversely proportional to the cavity length, fni a simple 



consists of several cavity modes, 
modes depending on the gain 



Fabry-Perot semiconductor laser, the spectrum 
the total spectral width and number of laser 
spectrum. External cavity structures have usually Dong cavities, so spacing of 
cavity modes is narrow (but also laser mode tlnewidths are narrow, being 
proportional to the inverse square of cavity length). For single-mode operation, 
most laser cavities (excluding VCSELs) are so 
selectivity is needed. This is achieved by having 
spectrally narrowband reflectors. Then, only the 
reflection bandwidth will be in the laser spectrum, 
consists of separate semiconductor gain structures for each wavelength, having a 
partially common external cavity structure, whicq selects the wavelength for each 
gain structure. The last point here is that the wJavelength-selecJive mirror is only 



narrow lines, cavity modes, the 



long that additional wavelength 
one or both cavity end mirrors as 
cavity mode(s) within the narrow 
. A multiwavelength laser source 
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partially reflective - the light transmitted by the mirror is coupled to the output that 
Is common to all wavelengths, the multiwavelengtlh output!. An AWG device can be 
used as such a wavelength selective external cavity common to many 
wavelengths. 



There are a number of alternative gaon elements 
pumped source: 



rthlch cam be used in the optically 



1) An optically pumped vertical cavity surface emitting laser (VCSEL) coupled to a 



Keating, A.; Black, A.; Karim, A.; 
gh-temperafure optically pumped 



single mode fibre. Such a VCSEL is disclosed in I 
YkJen Chiu; Abraham, P,; Hu, E.; Bowers, J. "Hi 
1.55pm VCSEL operatting at 6 Gb/s'\ IEEE Photonics Technology Letters, volume 
12 r issue 2, Feb. 2000, pages: 116 to 1 18. Althbugh it is typical for only 20% of 
poimp emission to be absorbed by a VCSEL, about 150 mW pump power can be 
obtained by using a low-power booster erbium doped fibre amplifier (EDFA) for an 
LED source in the ONUs. 

2) An optically pumped semiconductor laser coupled to a single mode fitbre. 
Optical pumping can be assumed for known multfwavelength semiconductor laser 
sources. Of course, VCSELs have the advantage of good coupling of pump into 
the laser (although a substantial part of power ife transmitted or reflected, so the 
longer laser cavity of non-VCSEL might be better). A preferred multiwavelength 
laser source would have similar wavelength drill due to temperature shift for all 
channels, see for example: 

Zirngibl, M. "JWultifrequency lasers and applications in WDM networks", IEEE 
Communications Magazine, volume 36, issue: 12, Dec. 1998, pages 39 to 41. 
Bewley, W,W.; Felix, C.L.; Vurgaftman, I.; Meyer, J.FL; Xu, G.; Shi, Z.; Moller, L; 
Doerr, C.R.; Joyner, C.H.; ZimgSbl, M, "Muttifrecuency laser based on integrated 
Vernier-cavity for mode stabilisation 0 , Electronic* Letters, volume 36, issue 6, 16 
March 2000, pages 540 to 542. 



3) A single mode pumped fibre laser coupled 
fibore laser is limited in modulation speed, an 



to 



single mode fibre. Since a long 
arrpy of waveguide lasers would be 



o 
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suitable. Typical rare-earth doped materials hkve relatively long excited-state 
lifetimes, so semiconductor devices would be suitable. 



multii 



4) A cladding pumped fibre laser coupled to a 
such an optically pumped source is that it 
Optical Fiber) between the kerbside unit anc 
semiconductor structure may be used so long 
transparent cladding waveguide at the pumping vjraveDength 



mode fibre. An advantage of 
perm ts multi mode fibre (even Plastic 
the ONUs. A dual-waveguide 
it is provided with a sufficiently 



In ome embodiment of the invention, pumping 
than being generated at the ONUs. In this 
would be to modulate the reflected light. 



lig it is reflected at the ONUs rather 
embodiment, the function of the ONUs 



Therefore, as can be seen from the numerous 
foregoing, according to the invention, the 
wavelength conversion. 



th* 



use 



It should be noted that the invention particularly 
optical components for transmission in 
transmission in the downstream direction can 
and 10 transmission in llhe downstream direction 
components as upstream. The skilled person 
foregoing, where transmission in the downstreahn 
and/or described, any known means can be used) to 



Although in the foregoing, the description has referred 
light between the kerbside unit and the ONUs, 
to WDM being used. In one embodiment there 
multiplexing. In this embodiment there are several 
using one WDM channel. Taking Figure 6 as 
example a 1 to 4 splitter connected to four ONUs 
kerbside unit 608 and several ONUs 604. 1.3^ 
division multiplexed, and forwarded to the LC 612 



embodiments described in the 
hub controte multiplexing and 



concerns the implementation of 
upstream direction. WDMA 
known technology. In Figures 6 
is also described using the same 
should understand that, in the 
direction has not been shown 
achieve it. 



to WDM being used to route 
i invention is not restricted solely 
is both WDM and time division 
time-division multiplexed ONUs 
example, an optical splitter (for 
604) is located between the 
m signals from ONUs are time- 
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Particular implementations and embodiments 
described. It is clear to a person skilled in the art [that 
to details of the embodiments presented above, 
other embodiments using equivalent mean^ 
characteristics of the invention. The scope off the 
attached patentt claims. 
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of the Invention have been 
the invention is not restricted 
;>ut that It can be implemended in 
without deviating from the 
invention is only restricted by the 
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Claims \ 

» 

i 

1. An optical data transmission system, the Optical data transmission system 
comprising a hub, a kerb location, a converter, an optical router, and a plurality 

5 of ON Us, the ON Us being capable of transmitting respective data signals to the 
kerb location, the optical router being capable of routing wavelength channels 
having predefined wavelength ranges assigned to respective ON Us for 
transmission to the hub, and the converter being capable of con veiling the data 
signals into the wavelength channels. 
10 I 

2. An optical data transmission system according to claim 1 in which the data 
signals are optical signals. j 

i 

! 

3. An optical data transmission system according to claim 11 or claim 2 in which 
15 the data signals are used as pump signals to generate the wavelength 

channels. j 

\ 

4. An optica) data transmission system according to any preceding claim in which 
the data signals are within a wavelength rdnge which dloes not include the 

20 wavelength or wavelengths of the wavelengthjchannels. 

> 
t 

5. An optica! data transmission system according to any preceding claim in which 
the wavelength channels are generated byf a plurality of optically pumped 
sources. j 

25 [ ! 

6. An optical data transmission system according to claim 5 in which the optically 
pumped sources generate light having different wavelengths in order to define 
the wavelength channels having predefined dijstinct wavelength ranges. 

» 

30 7. An optical data transmission system according to claim 5 or claim 6 in which 
the optically pumped sources each comprise ? laser cavity, mirrors defining the 
cavity, and wavelength selective ellements inside the cavity. 
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8. An optical data transmission system accordin 3 to &ny preceding cfaim in which 
respective ones of the ONUs are sufficiently simiBar that they are 
interchangeable. 



9. An optical data transmission system accordin 3 
the optically pumped sources are injection 



to any preceding claim in which 
lasers. 



locced 



10. An optical data transmission system according to claim 9 in which the injection 
wavelength is selected by a WDM and/or a AVVG, 



11. An optical data transmission system according 
the optically pumped sources are external cavity 



12, An optical data transmission system according 
router is within the laser cavity of afl least one 



to any of claims 1 to 8 in which 
lasers. 



to claim 10 in which the optical 
optically pumped source. 



13. An optical data transmission system according to any preceding claim in which 
the pumping light is at a wavelength different lo the wavelength of light which is 
used to carry data traffic in upstream and do wi stream directions. 

\ 

14. An optical data transmission system according amy preceding claim in which 
the optical router is a WDM. : 

\ 

15. An optical data transmission system according any preceding claim in which 

the optical router is an arrayed waveguide gracing (AWG). 

1 

i 

16. An optical data transmission system substantially as described herein with 
reference to Figure 2; Figure 3; Figures 2, 4, knd 5; Figures 3, 4, and 5; Figure 
6; Figure 7; Figure 8; Figures 8 and 9; andj Rgure 10 of the accompanying 
drawings. j" 

17. A method of transmitting data in an opticajl data transmission system, the 
optical data transmission system comprising a hub, a~-kerb location, a 



O 
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converter, an optical router, and a plurality of ONUs, the method comprising 
the steps of: 

the ONUs transmitting respective data signal to the kerb location; and 
the optical router routing wavelength channels having predefined wavelength 
5 ranges assigned! to respective ONUs For transmission to the hub, 
the converter converting the data signals into the wavelength channels. 

18, A method of transmitting data in an optical data transmission system 
substantially as described herein with reference to Figure 2; Figure 3; Figures 

10 2, 4, and 5; Figures 3, 4, and 5; Fogure 6; Fkiure 7; Figure 8; Figures 8 and 9; 
and Figure 10 of tlhe accompanying drawings. 

19. An optical router for an optical data transmission system, the optical data 
transmission system comprising a hub, a cerb location, and a plurality of 
ONUs, the ONUs being capable of transmitting respective data signals to the 
kerb location, the optical orouter being capabte of routing wavelength channels 
having predefined wavelength ranges ass igned to respective ONUs for 
transmission to the hub, and the optical nuter comprising a converter to 
convert the data signals into the wavelength channels. 



20. An optical router for an optical data transmission system substantially as 
described herein with reference to Figure 2; Rgure 3; Figures 2, 4, and 5; 
Figures 3, 4, and 5; Figure 6; Figure 7; Figure 8; Rgures 8 and 9; and Figure 
10 of the accompanying drawings. 



21. A converter for an optical data transmission system, the optical data 
transmission system comprising a hub, a kerb location, an optical router, and a 
plurality of ONUs, the ONUs being capable of transmitting respective data 
signals to the kerb location, the converter bei ig capable of converting the data 
30 signals into wavelength channels having predefined wavelength ranges 
assigned to respective ONUs, and the optical router being capable of routing 
the wavelength channels for flransmission to the hub. 
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22. A converter for an optical data transmission system substantially as described 
herein with reference to Figure 2; Figure 3; ffigures 2, 4, and 5; Figures 3, 4, 
and 5; Figure 6; Figure 7; Figure 8; Figure^ 8 and 9; and Figure 10 of the 
accompanying drawings. 

5 



[0069410 ~20-May-03 03:05 | 



Best Available Copy 

20/05 '03 14:06 FAX 01252 865080 NOKIA I PR DEPARTMENT 



+ UK PO 



Bl 032 



Abstract 



An optical data transmission system j (20O) comprises a 
hub (202), an optical! router (210) ( and a plurality of 
optically pumped sources (212) at a [kerb location (208), 
and a plurality of ONUs (204). The ©NUs generate and 
transmit respective data modulated fjumping light to the 
kerb location where ft is received by tjie optically pumped 
sources which convert it into the wavelength channels 
having predefined wavelength ranges assigned to 
respective ONUs. The optical router rokrtes the wavelength 
channels for transmission to the hub. j 
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